Abstract-This study presents a preliminary evaluation of the use of the Brazilian fish Cynopoecilus melanotaenia as a test organism in toxicity tests. The cryptobiotic stage presented by the eggs of fish C. melanotaenia can overcome the difficulty of continuously keeping cultures and recruiting healthy animals in sufficient numbers to be used in toxicity tests. In order to determine the applicability of this species as a test organism, three different reference substances were evaluated in 96-h acute toxicity tests: Copper sulfate (CuSO 4 ·5H 2 O), sodium dodecil sulfate (C 12 H 25 NaO 4 S), and sodium chloride (NaCl). Sensitivity ranged as follows: copper sulfate (0.05-0.13 mg/L), sodium dodecil sulfate (10.7-19.0 mg/L), and sodium chloride (1.44-1.96 g/L). We conclude that C. melanotaenia shows potential as a test organism in toxicity tests; however, further research should be conducted with other substances and should be compared with the research on other species before we can reach more conclusive results.
INTRODUCTION
The number of standard species useful for toxicity tests is limited if one considers the taxonomic richness of most natural ecosystems. This limitation is due to the need for continuous culture of test species in order to provide sufficient numbers and availability of healthy test organisms [1] .
Cynopoecilus melanotaenia (Regan, 1912) (Cyprinodontiformes, Rivulidae) is an annual Cyprinodontiform fish found in temporary water bodies. During periods of drought, the population survives as buried eggs. At the start of the rainy season, the embryos hatch, grow rapidly, reach sexual maturity, and reproduce to restart the life cycle. The embryos' diapause (cryptobiotic state) allows eggs buried in sediment to survive for extended periods [2] [3] [4] . Eggs may be stored in the laboratory under conditions similar to those found in the sediment of their natural habitat [5] . The potential to store the eggs in the cryptobiotic state until needed is the preliminary reason to examine this fish as a test organism. Thus, the prob-lem of continuous recruitment and maintenance of healthy test organisms is avoided [6] .
The well-documented sensitivity to reference test substances is an important criterion in selecting test organisms for toxicity tests [7] . Thus, we evaluated the potential of C. melanotaenia as a test organism for toxicity tests by characterizing its sensitivity to three reference test substances: Copper sulfate, sodium dodecil sulfate, and sodium chloride.
MATERIAL AND METHODS
Thirty-nine acute toxicity tests were carried out according to the methodology of the U.S. Environmental Protection Agency (U.S. EPA) [8] to evaluate the species' sensitivity to the three substances: 18 tests with copper sulfate (CuSO 4 ·5H 2 O; at 0.02, 0.03, 0.05, 0.08, and 0.12 mg/L concentrations); 14 tests with sodium dodecil sulfate (C 12 H 25 NaO 4 S; at 10.0, 12.5, 15.5, 19.3, and 24.1 mg/L concentrations); and 7 tests with sodium chloride (NaCl; at 0.6, 0.9, 1.4, 1.7, and 2.0 g/L concentrations). Concentrations were based on data from preliminary tests.
Reconstituted water (pH ranging from 6.30 to 6.80; hard- ness from 19 to 22 mg/L of CaCO 3 ; and dissolved oxygen always over 8 mg/L of O 2 ) was prepared for the dilution of the reference substances using distillate and deionized water [9] . The organisms used in the tests were fry of C. melanotaenia that were less than 24 h old and hatched from eggs stored in the laboratory for periods ranging from four to nine months. Eggs were kept in closed petri dishes with moist peat moss for up to nine months after spawning. After the embryonic development was completed (3-4 months), the eggs were manually transferred in groups from the peat moss to a 40-ml beaker glass with reconstituted water (pH from 6.30 to 6.80; hardness from 19 to 22 mg/L of CaCO 3 ; and dissolved oxygen always over 8 mg/L of O 2 ) prepared using distillate and deionized water. The beaker glasses were then transferred to a desiccator connected to a small vacuum pump. The vacuum pump promoted a reduction of at least 150 mbar in the desiccator pressure. The hatching process started after 1 h because of the pressure difference inside and outside the eggshells. Less than 24 h later, hatch rates ranged from 93 to 100%, with a mean of 98% [4] .
For each test, 120 fish were used; fish were equally divided into five concentrations plus one control (four replicates/concentration, 80 ml solution volume per replicate). Tests were kept in darkness for 96 h at 20 Ϯ 2ЊC and were observed daily.
We calculated 96-h median effective concentration (EC50) values using either the Probit Method or Trimmed SpearmanKarber Method [10] , depending on the best model fit.
RESULTS AND DISCUSSION
The species C. melanotaenia was evaluated in 18 tests with copper sulfate (CuSO 4 ·5H 2 O), in which the mean 96-h EC50 was 0.09 mg/L and ranged from 0.05 to 0.13 mg/L ( Table 1) . The mean sensitivity of C. melanotaenia to CuSO 4 ·5H 2 O in this study bracketed the documented values for Pimephales promelas, which were 0.025 mg/L [11] and 0.48 mg/L [12] ( Table 2) . Cynopoecilus melanotaenia showed higher sensitivity when compared to the data presented by Bertoletti et al. [13] for Danio rerio (0.57 mg/L) or when compared to the results obtained for Salmo gairdnerii (0.30 mg/L) [14] , Lepomis macrochirus (0.66 mg/L) [11] , and Oreochromis mossambicus (2.78 mg/L) [15] . On the other hand, the species was less sensitive than Carrasius auratus (0.036 mg/L) [11] , Lebistes reticulatus (0.036 mg/L) [11] , and Salmo solar (0.048 mg/L) [16] .
The 14 tests with sodium dodecil sulfate had a mean 96-h EC50 equal to 15 mg/L, ranging from 10.7 to 19.0 mg/L (Table  1) . When compared to other species, C. melanotaenia was less sensitive than P. promelas (8.6 mg/L) [8] ; however, C. melanotaenia is more sensitive than the invertebrate species found in the literature [8] (Table 3) , even when compared to those species that had a 24-h exposure time, as shown on Table 1 .
Seven tests were carried out with NaCl. Test results of C. melanotaenia were highly repeatable, with a coefficient of variation of 8% (Table 1) . The mean 96-h EC50 for NaCl was 1.7 g/L and ranged from 1.4 to 2.0 mg/L. According to Table  4 , the 96-h EC50 of C. melanotaenia is lower than all presented species [17, 18] . Despite the fact that C. melanotaenia has a high sensitivity to NaCl, it was difficult to determine death or immobility, since this species is normally slow, and once the natatorial movement was interrupted, the only life evidence was the operculum movement. Adelman et al. [17] observed similar effects of NaCl and indicated that osmoregulatory debility was the cause of death of the organisms exposed to this substance. Use of NaCl as a reference substance for tests with C. melanotaenia is not recommended because of the difficulty of recognizing osmoregulatory disfunction caused by NaCl. Table 1 shows that toxicity does not change over time, suggesting, to this species and to these substances, a 24-h test duration.
CONCLUSIONS
We suggest that C. melanotaenia could serve as a useful, sensitive test organism for four reasons: The eggs of C. melanotaenia may be stored under laboratory conditions for up to nine months, guaranteeing a continuous stock of healthy organisms even during periods in which the culture may not be at its best; the species is easily kept under laboratory conditions and the fish can reproduce almost daily to guarantee that a significant amount of eggs can be stocked; the fish is highly sensitive to toxicants; and, the test results are highly repeatable. Further investigations with other reference substances, including pesticides, industrial effluents, and other chemical agents, are warranted.
